Objective We conducted a retrospective study assessing the relationship between comorbidity, using the Charlson Comorbidity Index (CCI), and the prognoses of acute lung injury (ALI) and acute respiratory distress syndrome (ARDS) patients. Methods We analyzed the data of 47 patients with ALI and ARDS who were admitted to our center between April 2004 and July 2009. The patients were classified into 2 groups (survival and non-survival) 3 months after diagnosis, and demographic and clinical characteristics were analyzed. We also evaluated the ROC curve and Akaike's information criterion (AIC) to determine the most appropriate cut-off level for the CCI at 3 months survival. The survival rate was estimated based on the AIC results. Results The mean age was 71.0 years; 25 (53%) of the patients died within 3 months of the diagnosis. Although age, etiology of ALI and ARDS, and APACHE II score did not differ between the two groups, smoking history, CCI, SOFA score, and steroid use were higher in the non-survival group than in the survival group. Age was not significantly correlated with CCI; however, CCI had weak, but statistically significant correlations with the APACHE II and SOFA scores (r=0.387, p<0.01 and r=0.288, p<0.05, respectively). AIC analysis revealed that a score of 4 on the CCI was the most appropriate cut off level for 3 months survival. The 3-month survival rate was lower in patients with a CCI! 4 than in those with a CCI<4 (9.5% vs. 55.5%, p<0.05). Discussion This study showed that the prognosis of ALI and ARDS was affected more by comorbidity than by age, and that the CCI was useful for assessing patient comorbidities in ALI and ARDS. We have to consider that patients with a CCI score of 4 or more are at risk of developing multi-organ failure and have a poor prognosis.
Introduction
Acute lung injury (ALI) and acute respiratory distress syndrome (ARDS), initially described by Ashbaugh et al., are rapidly progressive pulmonary syndromes that lead to respiratory failure, and are major contributors to mortality and morbidity in intensive care units (1) . Recently, the prognosis of ALI and ARDS have improved due to the increasing use of ventilation with lower tidal volumes (TV) and high positive end-expiratory pressure (PEEP), the innovation of ventilation modes such as high-frequency ventilation or airway pressure release ventilation (APRV), and the widespread use of nutrition management including enteral feeding (2) (3) (4) (5) (6) . Despite these advances, the prognosis remains poor and mortality rates high, approximately 20-50% (2, 3) . Moreover, we are facing an aging society in which the average life span is over 80 years. Because it has been reported that age and comorbidity are associated with a poor prognosis of ALI and ARDS (7, 8) , it is predicted that the preva- lence of ALI and ARDS among elderly patients with comorbidities will increase concomitantly with mortality. The Charlson Comorbidity Index (CCI) is one of many recently published scales that measure comorbidities (9) . This index involves giving weighted scores to 18 conditions. The sum of the scores is then scaled to establish the CCI staging system (Table 1) . This index has been validated in, and used to predict the prognosis of pulmonary diseases such as lung cancer (10), interstitial pneumonia (11) , and lung abscess (12) . To our knowledge, however, a relationship between comorbidity and the prognosis of ALI and ARDS has never been reported. Thus, we conducted a retrospective analysis using CCI to assess the relationship between comorbidity and the prognosis of ALI and ARDS.
Materials and Methods
This retrospective study was approved by the ethics committees of our institution. We screened all mechanically ventilated patients with a diagnosis of ALI or ARDS, who were admitted to the medical intensive care unit at Kameda Medical Center between April 2004 and July 2009. Data were drawn from the electronic health records. The diagnosis of ALI and ARDS was validated upon review of relevant clinical data and chest radiographs of each patient by one critical care and one respiratory physician. The diagnoses of ALI and ARDS were based on the following criteria: acute onset; arterial hypoxemia with a PaO2/FiO2 ratio lower than 300 (200<PaO2/FiO2<300, or PaO2/FiO2<200 was defined as ALI or ARDS, respectively, regardless of PEEP level); bilateral infiltrates seen on chest radiograph; and pulmonary artery occlusive pressure lower than 18 mmHg or lack of clinical evidence of elevated left atrial pressure (13) . We excluded patients for whom a diagnosis of heart failure could not be confirmed. Forty-seven patients with ALI and ARDS were included in the study and stratified by survival and nonsurvival status 3 months after diagnosis. Patient characteristics, comorbid conditions, ventilation setting and treatment were included in the analysis. To assess their comorbidities, we estimated the CCI stage at the time the patient met the diagnostic criteria of ALI and ARDS.
We used χ 2 test for categorical data and Student's t test for means and standard deviations to analyze the results with SPSS Statistics Version 19. Correlations of the disease severity (APACHE II and SOFA score), age and CCI were evaluated using Spearman's rank correlation analysis. Survival rate was estimated using the Kaplan-Meier method. For all statistical analyses, p value less than 0.05 was considered significant. Data were expressed as percentages and mean ± standard deviation. To determine the most appropriate cut-off level of CCI for 3 months survival, we used the receiver operating characteristic (ROC) curve and Akaike's information criterion (AIC), which is an indicator for evaluating the goodness of fit of a statistical model (14, 15) . A smaller AIC value indicated a more reliable model for predicting the outcome.
Results

Patients' characteristics
The median follow-up for subjects was 198.2 days (6.6 months). Mean age was 71.0±12.4 years. The most common etiologies of ALI and ARDS were pneumonia (31.9%), sepsis (48.9%), and unknown (10.6%). The other less common causes were pneumothorax, pancreatitis, cholecystitis, and cerebrovascular disease (2.1%, respectively). Among the patients, 42 cases (89.4%) also had comorbidities with a mean CCI of 2.49±1.54. Twenty five out of 47 (53.2%) patients did not survive three months after the diagnosis.
Age was not significantly correlated with CCI (r=-0.051, p=0.733), APACHE II (r=-0.013, p=0.93) and SOFA score (r=-0.016, p=0.44). However, CCI was statistically significantly correlated with APACHE II and SOFA score (r= 0.387, p<0.01 and r=0.288, p<0.05, respectively). Fig. 1 reveals the distribution of APACHE II and SOFA score accordingly to the CCI. These scores have a consistently positive correlation with CCI.
Comparison between survival and non-survival cases
The patients' characteristics stratified by survival and nonsurvival status are shown in Table 2 . Although age, etiology of ARDS and ALI, and APACHE II scores did not differ between the two groups, smoking history (pack-year 56.3 vs. 12.3, p<0.05), CCI (3.08 vs. 1.82, p<0.01), SOFA score (7.44 vs. 5.23, p<0.01), and steroid use (24.0 vs. 9.0 %, p< 0.01) were higher in the non-survival group than in the survival group. The comparison of the comorbidities is shown in Table 3 ; there was no significant difference between the groups.
Overall survival and CCI staging
Three-month survival was significantly lower in patients with a CCI over 3.5 than in patients with lower scores ( Fig. 2A) , with an area under the ROC curve of 0.725± 0.073 (95% CI, 0.582-0.869). Moreover, to determine the most appropriate cut-off level of the CCI in detail, we calculated the AIC value, with a smaller AIC value indicating a more reliable prediction. As a result, the smallest AIC value of CCI was 4 (AIC=-5.85) (Fig. 2B) . Based on the AIC statistics, the patients were divided into CCI! 4 and CCI<4. As a result, the 3-month survival rate was lower in patients with CCI! 4 compared with those who had a CCI<4 (9.5 vs. 55.5%, p<0.05) (Fig. 2C) .
Discussion
This retrospective analysis of 47 patients with ALI and ARDS showed that the CCI and SOFA score were higher in patients in the non-survival group compared to those in the survival group, even though age was not statistically different. The SOFA score is a scoring system that measures dysfunction across six organ systems -respiratory, cardiovascular, hepatic, coagulation, renal, and neurological-and can be used to assess the patient's status daily, assigning a score from 0 to 24 points. Sequential assessment of organ dysfunction during the first few days of ICU admission is a good indicator of prognosis (16) . In this analysis, we additionally found that not only the SOFA but also APACHE II scores, a severity-of-disease classification system in which higher scores correspond to more severe disease and a higher risk of death (17), had significant positive correlations with CCI, while age had no correlation with these scores. These data indicate that patients with a high CCI are more likely to develop multi-organ failure and to be at risk for increased mortality. Recently, many countries face an aging society with a commensurate increase in elderly patients that have multiple comorbidities. In Japan, the average life expectancy has increased to over 80 years, which means the number of elderly patients with comorbidities will also increase. Davidson et al. reported that age and comorbidity are associated with survival in ARDS (8) . The present results suggested, however, that the prognosis was influenced more by comorbidities than age. Accordingly, we suggest not only assessing age but also comorbidities using a concrete index.
In ALI and ARDS, a relationship between prognosis and comorbidity, using a concrete index to measure comorbidities has never been reported. Therefore, in patients with multiple comorbidities, it is difficult to determine whether comorbidities or the severity of ALI or ARDS influence prognosis the most. Given that, patients with multiple comorbidities are likely to increase, the assessment and validation of comorbidities in the setting of ALI and ARDS should be considered in clinical studies or trials. Recently, the CCI has been identified as the scale of choice for assessing comorbidities and prognostic factors of lung cancer, interstitial pneumonia, and lung abscesses (10) (11) (12) . The present data revealed that the CCI had significant positive correlations with APACHE II and SOFA scores, and AIC analysis revealed that patients with a CCI greater than 4 tend to have multiple organ failure and a more severe case of ALI and ARDS. Our results indicate that CCI was useful for assessing comorbidities in patients with ALI and ARDS, and that it should be considered among the comorbidity scales included in clinical trials of ALI and ARDS.
Some clinical trials have reported the use of drugs such as glucocorticoid, protease inhibitors (sivelestat), and anticoagulant therapy in the treatment of ALI and ARDS (18) (19) (20) (21) (22) (23) . A few randomized controlled trials reported that methylprednisolone is associated with a reduction in the duration of mechanical ventilation, shock, and ICU length of stay (18, 19) . Meduri et al. reported that the downregulation of systemic inflammation by methylprednisolone is associated with significant improvement in pulmonary and extrapulmonary organ dysfunction (18) . In contrast to these results, however, it has been reported that methylprednisolone is associated with increased 60-day and 180-day mortality among patients enrolled at least 14 days after the onset of illness (19) . Consequently, recent clinical practice guidelines for ALI and ARDS stated that although there was a possibility of reduced mortality and increased ventilatorfree days with steroids, the mortality benefits had never been established (24) . On the other hand, the present data revealed that steroid use was higher in patients who did not survive compared to those who did, even though treatment with drugs such as sivelestat or antibiotics were not different. Due to the retrospective nature of the current study, it is unclear whether steroid use or the use of many additional drugs in patients who died was associated with increased mortality. Accordingly, we believe that our data did not suggest that steroid use is associated with increased mortality, but this needs to be confirmed by an adequately powered randomized clinical trial.
The present study has two major limitations. First, our study was a retrospective analysis and the number of patients included was relatively small. Second, the inciting diseases that our patients had may represent only a small sample of the various etiologies of ALI and ARDS. Since we only included patients that were admitted to the medical ICU, patients with trauma were not included. However, our 
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A results showed that having multiple comorbidities influenced the prognosis of ALI and ARDS. Therefore, in this context, we should re-examine our results prospectively in a multicenter.
In conclusion, this study showed that the prognosis of ALI and ARDS was influenced more by comorbidity than by age. Consistent with our findings, patients with a CCI of greater than 4, and who have ALI or ARDS, are more likely to develop multi organ failure and have a poor prognosis.
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